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Abstract 
This study investigates effectiveness of a simple macro model in nonlinear behavior prediction of different specimens 
tested under different loading conditions and also with different geometrical properties. The model consists of 
nonlinear spring elements representing flexural and shear behavior. The model was implemented in ABAQUS6.6 to 
allow comparison between experimental and analytical results for selected test specimens. The specimens were 
various in terms of geometrical properties such as boundary element cross section and shear-span ratio, axial load, 
concrete strength. The model turned out to be capable of simulating the nonlinear behavior of some of the test 
specimens at different stages of loading to a very good degree of accuracy and after a few seconds of CPU time, and 
the results showed differences between measured and calculated response for some of them. The investigation on 
modeling parameters also showed that the number of macro elements along the height of relatively squat walls may 
considerably influence the model accuracy, while sensitivity of slender walls to this parameter is not significant. 
© 2011 Published by Elsevier Ltd.  
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1. INTRODUCTION
Shear walls are effective lateral load resisting parts of RC frames, and due to application of nonlinear 
analyses in Performance Based Design approaches. Therefore, it is necessary to have access to an 
effective means to model the nonlinear behavior of such systems. Jalali and Dashti (2010) evaluated 
efficiency of the macroscopic model investigated by Orakcal et al. (2006) in predicting the nonlinear 
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behavior of two slender RC walls subjected to monotonic loading, and investigated its advantages and 
deficiencies in comparison with the microscopic models following a 2D analysis of the selected test 
specimens using the finite element approach, and assessed the sensitivity of both procedures to modeling 
parameters. In this study the macroscopic model is verified using a wider range of test specimens to find 
the most suitable arrangement of the model elements for reasonable prediction of the nonlinear behavior 
of models which are various in terms of geometrical properties such as boundary element cross section 
and height-to-width ratio, axial load, concrete strength. Also, sensitivity of the model to modeling 
parameters is assessed. 
2. GENERAL DESCRIPTION OF THE MACRO-MODEL 
The macro model adopted here is composed of several macro elements, the number of which depends on 
the expected accuracy and local behavior. Each macro element consists of vertical spring elements 
connected to rigid beams at the top and bottom levels, representing the flexural response and a horizontal 
spring element, placed at the height ch, simulating the shear behavior of an RC wall (Figure 1). As shown 
in Figure 1 two parallel spring elements representing the uniaxial behavior of concrete and steel are used 
to define the uniaxial behavior of the tributary area assigned to each couple of springs. The strains in 
concrete and steel are typically assumed to be equal (perfect bond) within each uniaxial element. Detailed 
description of the model and the constitutive models of materials is given by Jalali and Dashti (2010). The 
only parameters associated with the analytical wall model are the number of uniaxial elements used along 
the length of the wall cross section (n), the number of MVLEM elements stacked on top of each other 
along the height of the wall (m), and the parameter defining the location of the center of rotation along the 
height of each MVLEM element (c) (Orakcal et al. 2006). The value of c = 0.4 recommended by Vulcano 
et al. (1988) based on comparison of the model response with experimental results has been used to 
define the location of the center of rotation along the height of each macro element. 
Figure 1. A macro element 
3. EXPERIMENTAL PARAMETERS  
In this section, the macro-model is used in the analysis of a number of test specimens with different shear-
span ratios and with different mechanical properties and loading conditions defined in the experimental 
investigations. The properties of the specimens chosen for comparison are presented in Table 1. 
Having been implemented and analyzed in ABAQUS/Standard the model turned out to be capable of 
simulating the nonlinear behavior of the selected test specimens to a very good degree of accuracy only 
after 4 seconds of CPU time. Figure 2 compares the measured and predicted lateral load-top displacement 
response for the specimens. As shown in this figure the analytical model provides a good prediction of the 
wall lateral overall displacement for specimens with different shear-span ratios and thus with different 
modes of behavior, except for Specimen SW12 which has the smallest shear-span ratio, and is subjected 
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to an axial load of 230 kN (Table 1), while Specimen SW11, which has the same shear-span ratio is in 
reasonable agreement with the experimental response, indicating sensitivity of the models with small 
shear-span ratios to the axial load. 
Table 1. Properties of selected RC wall test specimens. 
Lw Hw tw lb tb M/(Vl) fc
’(MPa) Axial Load 
(kN) 
SW11(Lefas et al. 1990) 75 75 7 14 7 1 42 0 
SW12(Lefas et al. 1990) 75 75 7 14 7 1 42.9 230 
HSCW1(Emamy Farvashany et 
al 2008)
88 110 7.5 9 37.5 1.25 104 540 
SW5(Vallenas et al. 1979) 241.2 300.9 11.4 27.9 11.4 1.6 33.47 299 
SW3(Vallenas et al. 1979) 238.8 300.9 10.2 25.4 25.4 1.835 34.8 434 
SW21(Lefas et al. 1990) 65 130 6.5 14 6.5 2 34.3 0 
SW22(Lefas et al. 1990) 65 130 6.5 14 6.5 2 40.48 182 
RW2(Orakcal et al. 2006) 121.9 366 10.2 17.2 10.2 3 42.8 533 
Unit for dimensions: cm; Lw = length of wall; Hw = height of wall; tw = web thickness; 
 lb = boundary length; tb = boundary thickness; M/(Vl) = shear-span ratio. 
The macroscopic models of Specimens SW5, SW3, SW21, SW22, RW2 could reasonably predict the 
nonlinear response using the simplest possible model configurations, with 1 macro element for each story, 
and with 4 uniaxial elements defined along the length of the wall for both specimens. However, more 
macro elements were needed for reasonable nonlinear behavior prediction of Specimens SW11, and 
HSCW1, which have relatively small shear-span ratios (Table1). 
Deformation pattern of Specimens HSCW1, RW3 and RW2 is shown in Figure 3 to display effect of 
shear-span ratio on response mode of the specimens. Specimen HSCW1 has a small shear-span ratio 
whose response is dominated by shear deformations, and as illustrated by Figure3(a), the macro-model 
favorably predicts the deformation pattern of this specimen at failure. Specimen RW2 has the largest 
shear-span ratio (M/(Vl)=3) among the selected specimens and Figure 3(d) reveals that its behavior is 
primarily controlled by flexural deformations. As shown in Figure 3(d) the macro-model overestimates 
the wall capacity and stiffness which can be attributed to the fact that analysis results for monotonic 
loading are compared to cyclic test results. Specimens SW5 and SW3 have shear-span ratios of 1.6 and 
1.835, respectively, and therefore the contribution of the shear response component to the lateral 
displacement of these specimens is more than the one of Specimen RW2 and less than the one of 
Specimen HSCW1. Deformation pattern of Specimens SW5 and SW3 at ultimate state, indicated in 
Figure 3(b), shows flexural shear failure at first story of these walls.  
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(a) Specimen SW11 
(c) Specimen HSCW1 
(e) Specimen SW3 
(g) Specimen SW22
(b) Specimen SW12 
(d) Specimen SW5 
(f) Specimen SW21 
(h) Specimen RW2
Figure 2. Lateral load – top displacement response of specimens 
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         (a) Specimen HSCW1         (b) Specimens SW5&SW3              (d) Specimen RW2
Figure 3. Ultimate deformation pattern of specimens 
4. ANALYTICAL PARAMETERS 
The parameters investigated in this section include the parameters associated with the analytical wall 
model which are the number of uniaxial elements used along the length of the wall cross section (n), the 
number of MVLEM elements stacked on top of each other along the height of the wall (m). 
In order to evaluate the sensitivity of the macroscopic model to “m” and “n”, the lateral load versus top 
displacement response of the models with different arrangement of elements has been compared with the 
one of the simplest possible model. The models with different arrangement of elements are shown in 
Figure 4 and the response of the Models SW3B and SW3C (Figure 4) is compared with the one of Model 
SW3A in Figure 5. It has been observed that the sensitivity of the calculated global response (i.e., lateral 
load versus top displacement) to the selection of either the number of macro elements along the height of 
the first story of the wall (where the flexural and shear yielding occurs and is the most sensitive place to 
the number of macro elements) or the number of vertical springs along the length of the wall cross section 
is not significant, and as also mentioned by Orakcal et al. (2004), mesh and element refinements do not 
markedly improve the response prediction. This result is encouraging in that a coarse mesh can be used to 
assess drift responses for tall buildings, leading to reduced computer run times. However, use of a coarse 
mesh is likely to underestimate the peak strains for the material fibers (Orakcal et al. 2004). It should be 
mentioned that using more elements over the height or along the length of the wall allows for a more 
refined prediction of the wall local behavior.  
Figure 4. Different arrangements of model elements (Specimen SW3) 
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Figure 5. Sensitivity of the model response to modeling parameters 
However, more macro elements were needed for reasonable nonlinear behavior prediction of Specimens 
SW11, and HSCW1, which have relatively small shear-span ratios (Table1); thus, these specimens are 
analyzed with different numbers for Parameter “m” in this section. 
Figure 6 displays sensitivity of these models to the number of macro elements along the wall height 
(denoted as “m”). The macroscopic models of Specimens SW11 and HSCW1 reached a reasonable 
accuracy with 6 and 8 macro elements, respectively. As shown in this figure, the number of macro 
elements along the wall height considerably influences the model response of relatively squat walls.  
(a) Specimen HSCW1                         (b) Specimen SW11 
Figure 6. Sensitivity of the squat models to Parameter “m”. 
5. CONCLUSIONS 
The investigated macro-model turned out to be capable of simulating the nonlinear behavior of the 
selected test specimens which were different in terms of at different stages of loading to a very good 
degree of accuracy only after a few seconds of CPU time.  
Taking the CPU time and simplicity into account, the observed agreement between lateral load-
displacement diagrams of experimental measurements and the macroscopic models of the test specimens 
with different shear-span ratios indicates the efficiency of the investigated macro-model in predicting the 
nonlinear behavior of RC walls with different modes of response. However, the results showed 
differences between measured and calculated response for some of them, and the considerable difference 
between lateral load-displacement diagrams of experimental measurements and the macroscopic model of 
Specimen SW12 indicates sensitivity of the models with small shear-span ratios to the axial load. 
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The investigation on modeling parameters also showed that the number of macro elements along the 
height of relatively squat walls may considerably influence the model accuracy, while sensitivity of 
slender walls to this parameter is not significant.   
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